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Abstract 

Eighteen epidemiology studies have examined the relationship between 
chronic environmental tobacco smoke (ETS) exposure and pulmonary func¬ 
tion, A statistically significant relationship between chronic ETS exposure and 
a specific spirometric endpoint was reported in 5 of 17 studies that measured 
forced expiratory volume in i s (FEV,), 2 of 9 studies that measured forced 
vital capacity (FVC) and 3 of 5 studies that measured mean forced expiratory 
flow during the middle half of the FVC. Fourteen of 24 epidemiological stud¬ 
ies report a statistically significant association between chronic ETS exposure 
and a clinical endpoint, although there is little consistency from one report to 
the next when a specific endpoint is considered. A statistically significant asso¬ 
ciation was reported in 2 of 9 studies for cough, 3 of 9 studies for phlegm and 
expectoration, 6 of 10 studies for dyspnea and shortness of breath, 3 of 6 stud¬ 
ies for bronchitis, and 8 of 18 studies dealing with asthma incidence, exacerba¬ 
tion. or symptoms. The inconsistency of association in the foregoing function¬ 
al and clinical epidemiology studies could either reflect absence of such an 
association or methodology problems such as reliability of spirometric mea¬ 
surement, lack of verification of clinical.endpoint, errors in classification of 
smoking and ETS exposure status and inappropriate control of confounding 
variables. The effects of acute ETS exposure (at levels equivalent to or exceed¬ 
ing real-life smoke-polluted environments) have been examined in experimen¬ 
tal studies in which spirometric measures were obtained prior to, during, and 
after exposure of subjects to machine-generated tobacco smoke. Six of seven 
studies suggest that acute ETS exposure, while serving as an irritant to the 
upper respiratory tract, fails adversely to affect pulmonary function of normal 
adults. The effect of acute ETS exposure in asthmatic subjects has been exam¬ 
ined in 15 studies. These studies suggest that acute exposure to ETS does not 
consistently evoke adverse pulmonary effects in most asthmatics. Several 
studies from a single research group suggest that a small sub-set of asthmatics 
may respond to acute ETS exposure with a >20% decrement in FEVi as well 
as an increased responsiveness to bronchoconstrictors. The mechanism for 
this responsiveness does not appear to be allergic in nature and is subject to 
speculation. 
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Introduction 

A major area of interest concerning the health effects of 
environmental tobacco smoke (ETS) other than lung can¬ 
cer is that relating to its non-cancerous effects on the 
respiratory system. A relatively large series of studies have 
attempted to relate ETS exposure in children and pulmo¬ 
nary function and respiratory symptoms and diseases. 
These have been previously reviewed by us f 1 -3j. 

Compared to studies in children, relatively few studies 
exist in the literature pertaining to the effects of ETS on 
the respiratory system of adults. The 1986 reports of 
United States Surgeon General [4] and the National 
Research Council of the National Academy of Sciences 
[5] on environmental tobacco smoke both concluded that 
there were insufficient data to determine w hoc her ETS 
exposure adversely affected pulmonary function and re¬ 
spiratory health in adults. The issue of ETS and the respi¬ 
ratory system of adults was reviewed by us severs; years 
after the above-referenced 1986 consensus reports [6. 7], 
As indicated in our reviews, several different approaches 
to the study of effects of ETS on the respiratory system of 
adult subjects have been employed; (11 epidemiology 
studies dealing with effects of chronic ETS exposure on 
pulmonary function; (2) epidemiology studies dealing 
with effects of chronic ETS exposure on respiratory symp¬ 
toms (e.g.. cough, phlegm, wheeze) and disease (chronic 
obstructive pulmonary disease), and (3) experimental 
studies of acute effects of ETS on pulmonary function in 
normal and asthmatic adults. Based upon the available 
studies at that time, we concluded that there were no con¬ 
sistent data supporting an association between chronic 
ETS exposure and impaired pulmonary function or in¬ 
creased incidence of respiratory symptoms and diseases 
in adults. We also concluded that there was little or no 
evidence that acute ETS exposure impairs pulmonary 
function in normal individuals. While there was no con¬ 
clusive evidence that acute ETS exposure adversely af¬ 
fected most asthmatic adults, a subpopulation of asth¬ 
matics may exist which is susceptible to mch exposures 

[6. 7]. 

Since our last reviews on the subject of ETS exposure 
and the respiratory system of adults, there has been a con¬ 
siderable increase in the number of reports that have 
addressed the issue. In view of the increased activity in 
this area, the purpose of the present review is to reexam¬ 
ine the issue of respiratory health effects of ETS in 
adults. 


ETS and Respiratory System in Adults 


Epidemiology Studies of the Association 

between Chronic ETS Exposure and 

Non- Neoplastic Respiratory Effects in Adults 

In general, these studies attempted to determine 
whether a statistically significant association existed be¬ 
tween chronic ETS exposure of a non-smoking subject 
and an adverse effect on the respiratory system. Smoking 
status fe.g.. smoker, ex-smoker, non-smoker, or never- 
smoker) and exposure status (e.g.. ETS exposed vs. non- 
exposed) of the subject were usually determined by a 
questionnaire (cither self-administered or interviewer- 
assisted). Among the criteria for classifying an individual 
as ETS exposed were the presence of a smoking spouse, 
other smokers in the household, and/or exposure ro tobac¬ 
co smoke at work. Such criteria varied from study to 
study. The questionnaire was also used to obtain informa¬ 
tion on the subjects' previous health history and other 
potential confounding variables. 

When pulmonary function was the endpoint, the deter¬ 
minant of adverse effect was a statistically significant 
decrement in some spirometric parameter derived from 
the forced vital capacity (FVC) or the amount of air that 
can be expelled front the lungs by a maximum forced 
expiratory effort after a maximum forced inspiratory 
effort [7]. The most frequently used such parameter is 
FEV| (forced expiratory volume in 1 s) or the volume of 
air expelled during the first 1 s of the FVC manoeuvre. 
Another frequently used measure is FEF: ? -: 5 or the rate of 
the airflow during the mid-portion (between 25 and 75%) 
of the FVC. Other less frequently used parameters are also 
derived from or related to the FVC, such as PEFR (peak 
expiratory flow rate),orMEF(maximum expiratory flow) 
at some portion of the FVC (25, 50, 75%), or some other 
portion of the FEF (75-85%). 

When clinical endpoints were of interest, these studies 
sought to determine whether a statistically significant 
association existed between chronic exposure to ETS and 
increased incidence of a respiratory symptom (such as 
cough, wheeze, phlegm) or a disease (such as bronchitis, 
chronic obstructive pulmonary disease, or asthma). 

As noted below some of the studies examined both spi¬ 
rometric and clinical endpoints. 

Pulmonary Function 

Our initial reviews [6, 7] of the epidemiology literaturt 
relating ETS exposure to pulmonary function in adult; 
involved the first 12 studies listed in table 1 [8-19j. Sine 
that time an additional 6 studies have been publishet 
[20-25], As shown in table 1, the most prominent param 
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Table 1, Epidemiology studies of ETS exposure and pulmonary function in adults 


Study [ref.| 

FEV, 

FVC 

FEFrj_J 5 

Other observations and number of subjects 

Schilling et al. 

1977 [8] 

NC 

(0 to -7%V- 3 

NC 

NR 

NC PEF; n = 7 12 (74 ETS exposed) F and 178 (40 ETS exposed) M 

White and Froeb 
1977 [9] 

NC 

(-5 10 -6%) s 

NC 

(_3to-4%) 

deer. 

(-13to-15%) 

deer. FEF's.ki (-20 10 -25%). n = 400 (200 ETS exposed) F and 
400(200 ETS exposed) M 

Comstock et al. 

1981 [10] 

NC 

NC 

NR 

n = 49 (15 ETS exposed) F. 369 (78 ETS exposed) M 

KaulTmann et al. 
1983 [11] 

NC 

(-1 tq-2%) 

NC 

(-1 % to -3%) 

■^r 

1 

0 

£1 

F>40 y. deer. FEV, (-4%). FVC (-3%), FEF; 3 . 7 5 (-6%); 

M >40 y, not significant for FEV, (+7%), FVC (-4%) and 
deer. FEF;<_v (-16%); n = 2.084 (826 ETS exposed) F and 

914(65 ETS exposed) M 

Salem el al. 

1984[12] 

NC 

(-6%) 

NR 

NR 

NC in PEF (-3%). FEV, % (-2%); deer, air velocity index (-10%); 
incr. total expiratory time (31%); n = 349 (219 ETS exposed) 

Lebowitz 

1984 [13] 

NR 

NR 

NR 

NC PEF (n not reported) 

Kentner et al. 

1984: 

Kentner and Weltle 
1988 [14] 

NC 

NC 

(Oto-2%)- 

NC 

(+1 to-5%1- 

NC For PEF. MEF; 3 _? 3 , MEFsots.i; (all about -5%) 6 (0%). and 
FEF,,_,. (-5%); n = 198 (132 ETS exposed) F and 

393 (251 ETS exposed) VI 

Brunekreef et al. 
1985115] 

NC 

(-1 to-7%) 

NC 

(0to-3%) 

NR 

deer. PEF (-10 to -16%). MEF? 5 (-9 to 15%); 
n = 57 (27 ETS exposed) 

Hosein and Cores 
1986 (16] 

NC 

(+1%) 

NR 

NR 

NC \1EF :3 (-:%), MEF;< (-2%); n = 95 (59 ETS exposed) 

Svendsen et ai. 

1987 [17] 

deer. (-3%) 

NR 

NR 

deer, in FEV, (-5%) for subjects with spouses smoking 

1-19 cigarettes/day; -1% for a 20 cigarettes/day; 
not significant for trend; n = 676 (162 ETS exposed) 

KaufTmann et al. 
1989 [18] 

NC 

(< -! %)-’ 

NC 

(<-!%) 

NR 

NC for FEV,/FVC; NS « -! %)-' for FEV,, FVC, FEV,/FVC lor F 
over 40 y: n = 726 (451 ETS exposed) 


eter examined was FEV, which was measured tn 17 of the 
18 studies listed. Of these 5 show a statistically sign ificant 
decrement associated with ETS exposure [17. 19. 21. 22. 
24] while 12 do not [8-12, 14-16, 18. 20,23.25], Table 1 
shows that of the 11 studies that measured FVC 2 report a 
statistically significant decrement (21, 24] and 9 do not 
[8-11, 14. 15. 18, 20. 25]. FEF; 5 _ 7 s was determined in 5 
studies where 3 show a statistically significant decrement 
[9. 20. 21] and 2 do not (11, 14a, b}. As indicated in the 
column designated 'other observations' of table 1. PEF 
was examined in 6 studies [8. 12-15.21] with statistically 
significant decrements reported in 3 of these [15.21]. Also 
noted in ‘other observations' are isolated observations 
with apparently no consistent pattern, such as decrements 
of a parameter in a sub-population of a cohort [11. 231- 
evidence of gender effects, but not necessarily in the same 


gender [11. 20. 21]; decrements or no significant change 
in a variety of other measures (e.g, FEF 7 5 - g; . FEV, % . 
MEF’5. MEFso. MEF75, air velocity index, or total expira¬ 
tory time); an anomalous dose-response relationship 
where the intermediate dose produced a more pro¬ 
nounced effect than the high dose [17]; and associations 
with ETS at home and not at work and vice versa [20. 
21 ]. 

Respiratory Symptoms and Disease 

Our initial reviews [6. 7] of the epidemiology studies 
dealing with chronic ETS exposure and respiratory symp¬ 
toms and disease in adults involved the first 8 studies 
listed in table 2 [8. 10. 13. 18. 19, 26-28]. Since those 
repOits have appeared we uncovered one additional early 
report published in 1979 [29] and 15 reports published 
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Table 1 (continued) 


Study [ref,] 

FEV, 

FVC 

FEF-f.-; 

Other observations and number of subjects 

Hole et at. 
iggg[id] 

deer. 

(-3%) 

NR 

NR 

n = 2.455 (1.535 ETS exposed) 

Mast et al. 

1988[20] 

NC 

NC 

deer 

{-[*%}* 

FEF;<_- ; deer, significant in M only at home, not work: 
no significant relationship between ETS and flow-' olume 
endpoints in F: n = 133 F and 160 M 

Masjediet al. 

1990 [211 

deer. 

1-7% M) 
f-MK>F) 

deer. 

Ml 

(< ■* i’ii F) 

Jeer. 

r-15% Mi 
1-4'* F) 

deer. PEF (-3%) M. NC F(-l% to -5%): 
significant differences observed for men only': attributed to ETS 
exposure at work, no significant effects of home exposure: 
n = 167 ( 7 8 ETS exposed) M and 108 (54 ETS exposed) F 

Ng et al. 

1993 [22] 

deer. 

(-3% to - 

NR 

T'Hi) 

NR 

n = 1.008 (523 ETS exposed) F. 394(196 ETS exposed) M 

Jaakkola ei al. 

1995 [ 23 ] 

NC 

(<-l%l fc 

NR 

SC 

I - jVf 

In sub-population of subjects 25 years or under sign illvanl 
association between cumulative ETS exposure at home and uFEV, 

(-1 %)"'judged to be physiologically unimportant: 
n = 1 1 7 (102 ETS exposed) 

Xu and Li 

1995 [24] 

deer. 

<-6%R 

deer. 

NR 

Several associations between ETS and FEV. and F\C failed 
to achieve statistical significance: n = 502 (382 ETS exposed) 

Jedrychowsld et ai. 
1995 [25] 

NC 

NC 

NR 

n = 859 


NC = No significant change; NR = not reported: F * female: M = mate. deer, refers to a statistically significant decrease, 
incr. refers to statistically significant increase 
1 Number in parentheses indicates magnitude oi change tin ‘Hi) when available. 

- Magnitudes estimated from graphs. 

"Magnitudes estimated from residuals. 

4 Data available for men only. 

5 Some statistical discrepancies (i.e.. significance only in selected subgroups). 

" Longitudinal study, decrement in function estimated from maximal effect/year/pack of cigarettes/dav exposure over period ol 8 years. 


since 1990 [22, 25, 30-42], accounting tor the total ot 24 
studies appearing in table 2. 

As shown in table 2, 15 of 24 studies report some statis¬ 
tical association between chronic ETS exposure and a 
clinical symptom or disease [18, 22, 25. 2*- 5 2. 34. 36-38. 
42], However, as exemplified below there >s little consis¬ 
tency from one report to the next with regard to the spe¬ 
cific endpoint involved. Cough appears as an endpoint in 
9 studies. Of these 2 report a statistically 'igrutkani asso¬ 
ciation [22, 31] and 7 do not [8, 10, 1 3. IS. <0. 33. 40). Of 
the 9 studies reporting on phlegm or expectorat ion. 3 indi¬ 
cate a statistically significant association iZ" - , 30. 31] 
while 6 do not [8, 10, 18, 19, 22, 33]. Ot the 10 studies 
reporting on dyspnea or shortness ot breath as an end¬ 
point. 6 report an association [18, 22. 25. 2*. 31. 38] and 4 
do not [13. 19, 33, 40], Three [26, 37, 381 of the 6 studies 


ETS and Respiratory System in Adults 


(22, 26, 35, 37, 38,42] in which bronchitis is the endpoi 
are statistically associated with ETS exposure. Evident 
of asthma incidence, exacerbation or symptoms (e.; 
wheeze) are dealt with in 18 papers (marked by asteris! 
Of these 8 indicate a statistically significant associate 
[18, 22. 29, 32, 34, 36-381 and 10 do not [8. 10. 13. 25,5 
35, 39-42], 

Factors Affecting the Outcome of Epidemiological 

Studies 

As shown in tables 1 and 2, respectively, there is 
consistent epidemiology evidence that chronic ETS ex 
sure impairs pulmonary function or increases the pre 
lence of respiratory symptoms and diseases in adults. T 
is in agreement with our earlier conclusion based u( 
fewer studies [7, 8], No consistent association from < 
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Table 2. Epidemiologic studies of ETS exposure and respiratory symptoms and disease in adults 


Study [ref.] 

Findings and number of subjects 

Schilling et al. 

1977 {8]' 

No association with cough, phlegm, wheeze 1 : n = 252 (1 14 ETS exposed! 

Simecek 

1980(26] 

Increased symptoms of bronchitis by 10-20%': n = 57.217 F. 23.473 M 

Comstock et al. 

1981 [10)' 

No association with chronic cough (RR = 1.0 M. 0.2 F). chronic phlegm (0.9 M, 0.7 F). chronic cough + phlegm (1.3 VI. 
0.3 F), wheeze(1.0 M, 1.5 F), breathlessness(1.1 M. 1.8 F). chesi illness(0.9 M. 1.0 F): n = 426 (95 ETS exposed )M and 
113 (36 ETS exposed) F 

Lebowitz 

1984(13]' 

No association with cough, rhinitis, wheeze, shortness of brealh-; n = 229 

GiUis et al 

1984(27] 

Significant association (RR) with persistent spit 11.4). dyspnoea (1.6). hypersecretion (1.7) in M and dyspnoea 11.51 in 
F, no association with infected spit (1.3) in M. persistent spit (1.1). and hypersecretion (1.2) in F 4 : n = 827 (310 ETS 
exposed) M, 1,917 (1,704 ETS exposed) F 

Kalandidi et at. 

1987 (28} 

Increased risk (RR, 90% Cl) of COPD (2.5. 1.3-5.0 for £ 1 pk/day: 1.5, 0.8-2.7 for > 1 pk/day): n = 282 1 166 ETS 
exposed) 

KautTmanrt el al. 
1989(18)' 

No association (OR, 95% Cl) with chronic cough (1.1.0.6-2.1 US. 1.3. 0.8-2.4 France), chronic phlegm (1.7. 0.7-3.8 
US, 0.8, 0.3-2.0 France), dyspnoea (1.3. 0 7-2.6 US. 1.2, 0 9-1.6 France), and wheeze (1.0. 0.7-1.4 France): in US 
population, borderline significant association for wheeze 1 1.3. 0.97-1.9). In French population, 'increased' prevalence 
of dyspnoea in women 2 40 y (! .45. p = 0.1): n = 726 (451 ETS exposed) US. n = 2.298 (! ,470 ETS exposed) France 

Hole et al. 

1989(19] 

No significant increased nsk(RR. 95% Cl) of infected spuium (1.3. 0.8-2.4). persistent sputum (1.2.0.9-1.7) dyspnoea 
(1.1.0.8-1.5) or hypersecretion (1.2. 0.8-1.8): n = 2.555 (1.538 ETS exposed) 

Shephard et al. 

1979 [29]' 

Report of wheezing (11 %) and rhmorrhoea(19.3%) when exposed to ETS: n = 182 (all exposed to ETS) 

Schwartz and Zeaer 
1990(30] ' : 

Associated with increased risk (RR. 95% Cl) of an episode of phlegm (1.4, 1.1-1.9) but not cough : : n = 100 (approxi¬ 
mate) 

White et al. 
1990(31] 

Increased risk (RR) 4 of cough (2.8). phlegm (3.2). shortness of breath (4.5). eye irritation (2.8). chest colds (4.3). and losi 
workdays due to chest colds (2.6): n = 80 (40 ETS exposed) 

Cummings et al. 

1991 [32 J 1 

Majority of subjects (74-82%) with a medical history of atopy, asthma, or other upper and lower respiratory disease 
reported being 'bothered by smoke': n = 376 (all exposed to ETS) 

Ng et al. 

1993(22]' 

Increased risk (RR. 95% Cl) of cough (3.8. 1.8-8 !). wheeze (2.7. 1.2-5.9). and breathlessness on exertion (1.8. 1.3-2.6): 
no significant association for phlegm (2.3.0.9-5.6). chronic bronchitis (2.3,0.96-5.3), and physician diagnosed asthma 
(1.6.0.7-3.7) 7 : n = 1.282 (663 ETS exposed) 

Pope and Xu 

1993 (33]' 

No Significant association (OR. 95% Cl) with chest illness (1.0. 0.5-1.9), cough (1.9, 0.7-4.91, phlegm (21. 0.9-5,0), 
shortness of breath (1.5,0.4-5.5). or wheeze (1.0.0.3-3.7)-; n = 633 (451 ETS exposed) 


study to the next is evident between such exposure and a 
specific spirometric measure or respiratory symptom and 
disease. The inconsistency of data may reflect absence of 
such associations or methodology problems inherent m 
pulmonary function measurement (for studies dealing 
specifically with spirometry) or the epidemiology method 
used (for studies of pulmonary function and prevalence of 
respiratory illness and disease). 


As previously discussed, certain considerations apply 
for epidemiology studies dealing with pulmonary func¬ 
tion [7. 8], Although somewhat insensitive. FEVj is 
regarded as a reasonably reproducible measurement of 
expiratory airflow in which abnormal measures ol this 
parameter are predictive of certain types of pulmonary 
dysfunction and disease [43]. On the other hand, the sug¬ 
gestion that abnormalities in FEFts .75 are indicative ol 
disease and dvsfunction of small bronchioles (under 2- 
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Table 2 (continued) 


Study [ref.] 

Findings and number of subjects 

Greer et at. 

1993134] 1 

Increased risk (RR. 95% Cl) of asthma (1.5. i.2-1.8) associated with workplace ETS exposure over a liucar period 
(longitudinal study): n = 3.91-Mi ,b47 ETS exposed) 

Robbins et at. 

imps) 1 

No significant association (RR. 4y% Cll between ETS exposure during adulthood (1.3. 0 . 9 - 1.81 or childhood l 1 !, 
0. i-l .8) and airway obstructive disease (asthma, chronic bronchitis, and emphysema); Significant association l IT. 
1.3-2.2) wnh ETS exposure during adulthood - childhood [same cohort as Greer et al.. 1993]: n = 3.4(4 n .856 ETS 
exposed) 

Bottai ei at. 

1994(36)' 

Associated with increased risk (RR) ol skin test sensitivity (l .33} and subjective respirator-' $\ mptoms- but not pulmo¬ 
nary function- or bronchial reactn ity to methachoJine : : n = 305 (133 ETS exposed) 

Dayaj el ai. 

1994 [37]' 

Increased risk (OR. 9c% C1K4 obstructive respirator-' disease lasthma. chronic bronchitis, or cmpnxsemal tl.9. 1,2- 
2.9): n = 876 

Leuenberger et al. 
1994(38]' 

Increased incidence (OR. 45% Cll of wheezing apart from colds (1.9. 1.4-2.7). bronchitis symptoms (1.h. !.2-2.1). 
chronic bronchitis (1.7. )..--2 dyspnoea on exertion (1.5. 1.2-1.8). physician diagnosed asthma tl.4. 1 0-1.(V. no 
significant association for allergic rhinitis including hayfever and atopy (1 0. 0.S-1.3); n = 3.494(1.047 approximatei 

Honget al. 

1994(39]' 

No signiticant association (OR. 45"t,Cl) with asthma morbidity (1.2. 0.7-1.9): n = 787 (384 ETS exposed! 

Ostro et al. 

1994(40]' 

No significant association (OR. 45% CO with cough (1.3. 0.8-2.L). shortness of breath (1.2 0.9'-l At. 0 r nocturnal 
asthma (1.1. 0.7-1.6): significant asscociation with restricted activity (1 . 6 . 1.1-2.5); n = 164 (15 ETS exposed") 

Flodin et al. 

1995 [41]' 

No signiticant association iOR. 4>"M with incidence of asthma (1.5. 0.8-2.5); n = 383 (uncertain n all sere non- 
smokers) 

Jedrychowski et ai. 
1995 [25]' 

In elderly women ETS exposure associated (OR. 95% Cl) with dvspnoea on exertion (2.2. 1.5-3 4) but noi asihma id 5. 
0.2-1.1); n = l .25 5 (! 29 ETS ex posed) 

Leuenberger et al. 
1995 (42]' 

(n subjects reporting respirators symptoms, no significant negative association (RR) between ETS exposure at work 
and length of intervals without asthma symptoms (wheeze, dyspnoea, or chest tightness apart from cold) <l.l); signifi¬ 
cant negative association between ETS exposure at w-ork and intervals without bronchitis symptoms (cough, phlegm 
apart from colds) (1.31); n = ! .442 

RR = Relative risk: OR = odds ratio; Cl = confidence intervals. 

1 Those studies dealing with asthma symptoms, incidence or exacerbation. 

- Magnitude of risk not reported. 

1 Estimated from graph. 

4 RR or OR calculated from data presented in paper tu.g.. prevalence rates). 

' More than one value presented for each endpoint on the basis of intensity of ETS exposure. Highest RRor OR usually presented. 

6 Number of subjects ETS is an average based upon trie proportion exposed each day. 


3 mm in diameter) is controversial [44. 45] ) urthermore, 
FEF :j _ 7 ? and related parameters are reported to have con¬ 
siderably more variability than FEY t t'rom tot to test in 
the same subject [43], Thus the clinical significance of sta¬ 
tistically significant differences in the latter parameter 
may be suspect. Furthermore, determination of normal 
and abnormal levels of pulmonary function m a particular 
subject requires comparisons between observed and pre¬ 
dicted values which have been adjusted for age. height. 


ETS and Respiratory System in Adults 


and gender of the subject by a derived formula, since thest 
variables strongly influence lung function [43. 45], Other 
important considerations in spirornetric testing are thi 
expertise of the individual administering the test, the tvp. 
of equipment employed, and the attitude of the subjec 
undergoing evaluation [43]. 

A lack of consistency in the relationship between ET: 
exposure and pulmonary function in adults is also eviden 
in the five studies in which FEV, and FEF:x-75 are mee 
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sured simultaneously (table L). Of these, only one indi¬ 
cates a decrement in both measures [ 21 ], 2 report a decre¬ 
ment in FEF 25-75 without one in FEV, [9, 20), and 2 
report no change in either measure [11, 14). When a 
decrement in a particular measure is observed, it is of 
small magnitude, generally ranging from 3 to 15%. Even 
then the individual spirometnc values for exposed groups 
are within the normal range for pulmonary function (i.e., 
relative to the normal predicted value). Thus, it is ques¬ 
tionable whether the statistically significant decrements 
in pulmonary function associated with ETS exposure that 
appear in these isolated studies are meaningful in terms of 
clinically significant effects on pulmonary function. 

The fundamental instrument of the epidemiology pro¬ 
cess is the questionnaire. This provides data concerning 
smoking status. ETS exposure status, respiratory symp¬ 
toms and/or diseases and potential confounding variables 
which are also a source of variation in these studies. The 
questionnaires varied from study to study in their stan¬ 
dardisation, level of validation and the ways in which they 
were administered. In contrast to the objective endpoints 
used in the studies of table 1 , in those of the epidemiology' 
studies listed in table 2 . respiratory symptoms and/or dis¬ 
eases. were provided by the subjects and lacked objective 
verification of the subjects symptoms (e.g., medical rec¬ 
ords, etc.). In addition to the subjective component, infor¬ 
mation on these endpoints was provided by individuals 
lacking medical expertise which could also provide an ele¬ 
ment of inaccuracy in this information. Other flaws in the 
collection of clinical endpoint data were the lack of consis¬ 
tency in adhering to diagnostic definitions of a specific 
disease such as asthma, as well as the failure in many cases 
to differentiate one specific disease from another (e.g., 
asthma from COPD and other respiratory diseases). 

In ail of the studies in question, classification of ETS 
exposure status lacked verification with a bio-marker, 
such as body fluid concentration of the nicotine metabo¬ 
lite. cotinine. The surrogate most commonly used for ETS 
exposure, spousal smoking status, represents a major 
source of misclassification of exposure. In this situation 
non-smoking individuals married to smokers may actual¬ 
ly receive little or no ETS exposure if their spouses avoid 
smoking in the subject’s presence, while a non-smoker 
married to a non-smoker (usually classified as unexposed) 
could receive exposure through other sources (e.g. work, 
social activities) [46]. Such error, designated as non-dif¬ 
ferential, tends to underestimate the impact of an effect of 
ETS [47], 

On the other hand, spousal smoking as a surrogate for 
ETS exposure can be a source of differentia! bias which 


can lead to overestimation of the effects of ETS. When 
smokers or former smokers in the study population are 
misclassified as non-smokers, they bring to a population 
the increased risk of pulmonary dysfunction or respirato¬ 
ry illness and disease associated with their active smok¬ 
ing. Marital concordance, or the tendency of smokers to 
marry smokers and non-smokers to marry non-smokers 
coupled with misclassification of smokers as non-smokers 
is a well recognised source of differential bias in the case 
of spousal smoking and lung cancer ]5, 47] and may pro¬ 
duce a similar effect in epidemiology studies of non-can- 
cerous effects on the respiratory system. As discussed pre¬ 
viously. spousal smoking and related surrogates of ETS 
exposure (e.g.. household smokers) may also be associated 
with confounding variables that affect the outcome of an 
epidemiology study. There is indication of this in the 
reports of positive associations between the extent of ETS 
exposure and occupational hazards, marijuana use and 
alcohol consumption. Also, non-smoking women mamed 
to non-smokers tend to have better lifestyle health habits 
than those married to smokers [46, 48], 

As discussed previously, confounding variables which 
may exaggerate or attenuate an apparent association be¬ 
tween ETS and a particular endpoint can affect the out¬ 
come of an epidemiology study and serve as a possible 
source of inconsistency in epidemiology studies of respi¬ 
ratory effects of chronic ETS in adults [7, 8 ]. In general, 
the more recent studies of pulmonary function and clini¬ 
cal endpoints have done little to improve the situation 
with their treatment of confounding variables. There is 
inconsistency From study to study with regard to the treat¬ 
ment of confounding variables and many of the studies 
fail to consider potentially important factors. In the case 
of exacerbation of asthma, for example, numerous con¬ 
founding variables have been recognised such as gastro- 
oesophageal reflux, hormone (especially oestrogen) thera¬ 
py. other occupational exposures, psychological and emo¬ 
tional factors, exposure to infectious agents, exposure to 
environmental allergens, exposure to other environmen¬ 
tal irritants, use of various prescription and over-the- 
counter drugs, food additives, changes in weather, expo¬ 
sure to cold air. exercise, pregnancy, other endocrine fac¬ 
tors, age. gender, environmental changes, relative humidi¬ 
ty. socio-economic factors, ethnicity and normal diurnal 
fluctuations, among others [49-52]. In the studies in 
table 2 pertaining to asthma incidence, exacerbation or 
symptoms, where only 8 of 18 report 2 statistically signifi¬ 
cant association, relatively few of these confounding vari¬ 
ates are addressed. 
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Experimental Studies of Acute Effects of ETS 

Exposure 

The effects of acute ETS exposure have involved spi* 
rometrie measures pnor to. during, and after exposure of 
both norma! and asthmatic subjects to machine generated 
tobacco smoke in an exposure chamber. Unlike most of 
the chronic epidemiology studies, the levels of acute ETS 
exposure in these experimental studies have usually been 
quantitated by such environmental markers as carbon 
monoxide and respirable suspended particles. The levels 
attained in these acute exposure studies are usually equiv¬ 
alent to or exceed those found in real-life, smoke-polluted 
environments, such as bars [4-, 5], !n some of the studies, 
broncho-provocation or bronchial challenge was per¬ 
formed in which the subjects inhaled graded doses of sub¬ 
stances known to produce bronchoconstriction (e.g.. 
methachoiine. histamine, cold air) to determine the 
threshold dose required to produce bronchoconstriction. 
Such a dose is usually a reflection of genetic effects, envi¬ 
ronmental agents (e.g.. irritants, allergens), or predisposi¬ 
tion to asthma [43]. 

Normal Adults 

As previously discussed, 5 of 6 studies reported that 
exposure of norma! subjects to machine generated smoke 
(up to levels of 40-50 ppm CO) for up to 2 h. and in 1 
case, including exercise during exposure, failed to pro¬ 
duce statistically significant effects ort spnometnc param¬ 
eters in normal subjects, although there were some com¬ 
plaints of eye irritation, nasal discharge and/or stuffiness 
and cough, but not sore throat, shortness of breath, chest 
tightness, wheezing, dizziness or headache [53-57], The 
sixth study reported that a 30-min exposure to machine- 
generated tobacco smoke significantly decreased PEFR 
accompanied by frequent complaints of eye irritation, 
tearing, dizziness, headaches and chest tightness. This 
study lacked data on environmental markers of exposure, 
other than room size and mention of the fact that smoke 
was produced from 8 cigarettes [12]. Thus, the signifi¬ 
cance of this isolated report relative to the other negative 
observations cannot be determined. One additional 
study, published since our last review, failed to show an 
effect on pulmonary function of non-asthmatic individu¬ 
als after 4 h of smoke exposure at levels of ETS up to 13.3 
ppm CO [58]. Thus, most of the studies suggest that acute 
ETS exposure, while serving as an irritant to the upper 
respiratory tract, failed to adversely affect pulmonary 
function in non-asthmatic individuals. 


ETS and Respiratory System in Adults 


Bascom et al. [59] studied responses of the upper respi¬ 
ratory tract of 29 healthy adults to vary ing concentrations 
(0. 1. 5 and 15 ppm CO) of side stream smoke for 2 h. On 
the basis of a reported history of ETS-induced rhinitis, 
subjects were classified either as ETS-sensitive (ETS-S) 
(n = 13) or ETS-non-sensitive (ETS-NS) (n = 16). A ques¬ 
tionnaire was used by the subjects to rate their percep¬ 
tions of odour and various symptoms (eye irritation, nose 
irritation, nasal congestion, runny nose, chest tightness, 
cough, headache and number of sneezes), as well as heart 
palpitation as a sham symptom. Nasal responses were 
objectively measured by acoustic rhmometry (nasal di¬ 
mensions) and posterior rhmomanometrv (nasal resis¬ 
tance). Both groups showed statistically significant expo¬ 
sure responses for eye irritation and odour. Nasal conges¬ 
tion. rhinorrhoea and cough in both groups required side 
stream smoke exposures of 15 ppm CO- A significant 
increase in nasal resistance was observed in both groups 
after! h of side stream smoke at 15 ppm CO. Some differ¬ 
ences were observed between ETS-S and ETS-NS sub¬ 
jects, however. Significant responses were reported for 
headache in ETS-S subjects and for nose irritation for 
ETS-NS subjects. ETS-S subjects reported significantly 
greater headache, eye irritation, odour, and runny nose 
than ETS-NS at the 1 ppm CO level but not at higher lev¬ 
els of side stream smoke. On the other hand, differences 
were observed between the two groups which make little 
sense. For example, chest tightness was evident at 15 ppm 
CO, only in ETS-NS subjects and not reported in ETS-S 
subjects. Decreased nasal volume occurred at 1 ppm CO 
in ETS-NS subjects but not ETS-S subjects. Although 
heart palpitation was not evident in either group at any 
level of exposure, it is difficult to discern from this study 
which of the responses (subjective or objective) repre¬ 
sented physiological or psychological reactions to tobacco 
smoke exposure. Thus, the significance of this study is in 
question. 

Asthmatic Adults: Acute Exposure 

The first 5 papers listed in table 3 (55-57, 60. 61 ] wen 
discussed in our previous reviews [7, 8]. Two reports indi 
cate a decline of baseline pulmonary function [55.61] ant 
2 show no such decline (56, 60]. In the fifth report, 7 sub 
jects show'ed a response to ETS while 14 did not (57) 
Variability was also indicated in 2 of the initial studies ii 
which broncho-provocation was tested. One study indi 
cated that ETS exposure increased broncho-reactivii 
(6 L] while the other indicated a decrease in broncho-reac 

tivity (56]. 
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As discussed previously [7, 8], variation in the results 
among the initial 5 studies could have several explana¬ 
tions. One such explanation could be different levels ot 
severity of underlying asthma from one study to the next. 
The differences in broncho-reactivity in 2 could reflect 
the use of broncho-provocation agents, methacholine and 
histamine (table 3), that have different mechanisms of 
action. It is known that asthmatic episodes can evoke psy¬ 
chological and emotional stimuli [62-65], even in re¬ 
sponse to odours [66], Therefore, flaws in the protocol of 
some of the foregoing studies could have evoked such 
non-specific asthmatic responses. Among these study 
flaws are the lack of a control exposure in the study of 
Dahms et al. [55] and the non-random design in the study 
of Knight and Breslin [61]. On the other hand, the possi¬ 
bility of non-specific asthmatic responses may have been 
minimised by the random exposure protocol of Shephard 
et al. [60] and use of goggles (to prevent eye irritation) in 
the study of Wiedemann et al. [56], It is unlikely that the 
intensity of ETS exposure in the initial 5 studies ac¬ 
counted for the variability, since the 2 negative studies oi 
this series had either the longest duration [60] or highesi 
level of ETS [56] (table 3). 

In the fifth study of the initial set of reports, al! 21 sub¬ 
jects claimed to be sensitive to ETS (i.e,, they believed 
that ETS exposure would cause exacerbation of their asth¬ 
ma) and 19 were documented to be atopic (i.e.. common. 
IgE immunoglobulin-mediated allergy) [57j. Five of the 7 
responsive subjects developed a significant (defined as 
greater than 20%) decline in FEVj after exposure only at 
the higher level of ETS exposure (13.3 ppm CO) to evoke 
a response. Furthermore, in all subjects the decrease in 
FEV j occurred only during the 2nd h of the 2-hour expo¬ 
sure while no change was observed during the 1st h ot 
exposure. In all cases, the airflow' obstruction was readily 
reversed wiih the administration of an inhaled bmnchodi- 
lator. The authors suggested that a subset of asthmatics 
were intolerant to ETS. However, the mechanism (or this 
intolerance was apparently not allergic, since no correla¬ 
tion was observed in these subjects between skin .*r sero¬ 
logic reactivity to tobacco leaf antigen and the urrence 
of airflow obstruction with exposure to tobacco smoke. 

Since our previous review, 10 additional siudie-- have 
examined acute ETS exposure and pulmonary function in 
adult asthmatics, as listed in table 3. The next 3 studies on 
the list [58. 67. 68] were published by the same group as 
that of Stankus et al. [57], The levels of ETS exposure 
were the same as that of the original study of ihi> series, 
whereas the duration of exposure was extended trom 2 to 
4 h. Consistent with the original report, these subsequent 


studies all show that only a subset of the general popula¬ 
tion appear to be intolerant to smoke exposure, ranging in 
proportion from 33% (i.e.. 5 of 15 subjects) to 12% (7 of 
58 subjects). In fact, it appeared that in these subsequent 
studies the ETS-responsive subjects were for the most part 
the same individuals that appeared in the original study. 

In one study of Menon et al. [58] the FEV, decrease 
occurred after 1 -2 h of ETS exposure. There were no "late’ 
reactions noted. The authors pointed out that this absence 
of late reactions differs from the IgE-mediated reactions 
seen with classic allergen challenge. They also reported 
that, in those subjects who reacted to tobacco smoke expo¬ 
sure with airflow obstruction, such a reaction could be 
prevented by pre-treatment with inhaled albuterol (a 
bronchodilator) and/or inhaled cromolyn (an anti-inflam¬ 
matory agent). No correlation was found between bron¬ 
chial reactivity to tobacco smoke and bronchial reactivity 
to methacholine. While 5 of 31 subjects exhibit a >20% 
decrease in FEV|. 10 of 31 subjects exhibit an increase in 
bronchia! reactivity to methacholine at 6h [67], This 
group was unable to demonstrate any correlation between 
immunologic (skin and serologic immunologic tests with 
tobacco leaf extract and tobacco smoke extract) and pul¬ 
monary reactions in these subjects, inconsistent with what 
would be expected in an allergen reaction [68]. Thus, their 
observations did not support tobacco smoke allergy as a 
mechanism of the reaction, consistent with their original 
conclusion [57]. 

The next 4 studies listed in table 3 [69-71, 73] repre¬ 
sent a senes of studies from another group which tor the 
most part suggest that asthmatics exhibit little or no 
response to acute ETS exposure. Magnussen et al. [69] 
reported no significant differences in lung iunction or air¬ 
way responsiveness to methacholine challenge between 
exposure to ambient air or ETS, even though smoke expo¬ 
sure was associated with eye and nasopharyngeal irrita¬ 
tion. In a subsequent report, Jorres and Magnussen (70] 
essentially confirmed their previous findings. In the third 
study, subjects were characterized as having "mild' asth¬ 
ma and medication was withheld for at least 8 h before the 
tests. Exposure was from 7 to 10 p.m., and spirometry was 
performed prior to. at half-hour intervals during exposure 
and at several times following exposure until 7 a.m. 
Methacholine was also administered prior lo and after 
exposure. A fall in FEV, was observed after both ETS 
(10.9%) and sham exposures (6.5%). A small increase in 
bronchial reactivity to methacholine after both sham and 
ETS exposure was also observed, with a slightly greater 
degree of reactivity after ETS than after sham exposure 
[71). Spontaneous nocturnal and early morning decreases 
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Table 3. ETS and asthma in adults: human exposure studies 


Study [ref.] 

Number of 
subjects 

Exposure level 
CO ppm 

Duration, h 

Results 

Shephard et al. 

1979 (60} 

14 

24 

2 

NSC FEV, (* 1 %). V_. j0 i-25-si 
and (0%) 

Dahms M ai. 

1981 [55] 

10 

15-20 

i 

21% deer, mean FEV 

Knight and Breslm 

1985 [61] 

6 

20-25 

i 

3/6 9-27% deer. FEV,; 

6/6 met. histamine BR : 

Wiedemann ei al. 

1986 [56[ 

9 

40-50 

i 

NSC FEV ; K-l%i. 

8/9 deer, meihacholine 0R 

Stankus et al. 

:i 

8.7 


2/2! >20%deer. FEV,. 

1988 [57] 


13 3 

2 

7/21 >20%deer. FEV, 

Menon et ai. 

1991 [58] 

IS 

13.3 

4 

5/15 >20% deer. FEY after 1-2 h: 
protected by albuterol or cromolyn 

Menon et al. 

1992 [57] 

31 

13,3 

4 

5/31 >20% deer. FEY ; 

10/31 incr. methacholine 8R 

Musmand et ai. 

1993 [68] 

58 

13.3 

4 

7 -'58 > 20% deer. F EV : ; 
mean onset l .8 Vi 

Magnussen et al. 

1992[69] 

13 

20 

1 

NSC FEV, (-3%) and airway 
resistance 1 — 5> nr BR to 

methacholine 

Jorres and Magnussen 
1991 [701 

24 

20 

1 

NSC FEV, (-4"(>i and jiruay 
res istance (- 6 %) or B R I o 
methacholine 

Nowak et al. 

1993 [71] 

17 

20 

3 

10.9% deer, in nocturnal FEV, 
(6.5% with sham exposure); 
small incr. methacholine BR 

Nowak et al. 

1995 (73) 

10 

22 

3 

NSC respiratory 
flow rates, visual 
bronchoscopy; 

BAL/NAL 

Gurk et al. 

1991 [74] 

20 

35-40 

l 

4% deer, mean FEV 

13% incr. airway resistance: 

NSC histamine BR overall 

Danuser et al. 

1993[75] 

10 

0-32 

2 mm 

direct delivery to mouthpiece; 
multiple exposures. 9M0 deer. 
FEV, (5/10> 10%. 1.10 >20%); 
no dose-response 

Bascom et al. 

1991 [77[ 

10 

45 

0.25 

<7% deer. PFT parameters 


NSC = No significant change; BR = bronchial reactivity; PFT = pulmonary function test. 
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in respiratory flow rates and increases in bronchial reac¬ 
tivity are common phenomena in asthmatics [43. 49. 72] 
and the spirometric measures and bronchial reactivity 
observed in this study were within the range of sponta¬ 
neous variation for asthmatics at night and in the early 
morning [43]. Thus, these changes were probably neither 
physiologically significant nor clinically relevant. The 
final paper of this senes reported no significant changes in 
spirometry during or after ETS exposure, as well as no 
significant effects of ETS exposure on visual broncho- 
scopic scoring, bronchial lavage (BAL) cells or mediators, 
or nasal lavage (NAJL) mediators [73]. The authors con¬ 
cluded that there was no evidence of an inflammatory 
effect from acute ETS exposure. 

Gurk et a!. [74], who exposed subjects to levels of ETS 
usually higher than most of the preceding studies (CO lev¬ 
el of 35-40 ppm) reported a 4% decrease in mean FEV, 
and a 13% increase in specific airway resistance post¬ 
exposure compared to pre-exposure (table 3). Since these 
statistical!v significant differences were within the range 
of reported individual variability of these parameters 
[43], they are probably neither physiologically significant 
nor clinically relevant. Furthermore, no change in hista¬ 
mine bronchial reactivity as a result of ETS exposure 
could be detected in the group as a whole. The authors 
state, however, that in a sub-group of 10 subjects who had 
a greater than 5% decrease in FEV; there was a small 
increase in bronchial reactivity, which they indicate was 
statistically significant. Nocorreiauon was found between 
pre-exposure bronchial reactivity to histamine and bron¬ 
chial reaction to tobacco smoke exposure 

Danuscr et al. [75] used a somewhat different method 
of tobacco smoke challenge than other investigators. Sub¬ 
jects with previously documented hyperreactive airwavs 
were challenged with machine-generated sidestream 
smoke delivered directly to an inhalation tube at varying 
concentrations (0. 2. 4, 8. 16 and 32 ppm CO) for 2 min 
per dose. A dose-related increase in subjective symptoms 
of cough/dry throat, chest tightness and dyspnea was 
reported. Although a decrement in FEV, with smoke 
exposure occurred in 9 of 10 subjects, it exceeded 20% in 
only 1 of the 10. Changes m FEV t oflessthan 20% are of 
doubtlul physiological significance or clinical relevance 
and are within the range of expected intra-individual vari¬ 
ation for this spirometric parameter [43]. Furthermore, 
the decrement was most marked at a CO concentration of 
2 ppm and the FEV, remained at a plateau at higher 
smoke levels. An editorial that accompanied this paper 
indicated that the authors did not completely answer the 
question ot the relative contributions of physical and ps\- 


chological responses. The subjective symptoms exhibited 
a dose-response relationship, whereas the objective physi¬ 
ological reactions did not (table 3) [76], 

Bascom et al. [77] exposed historically ETS-S subjects 
to sidestream smoke at a CO concentration of 45 ppm for 
15 min. The ETS-S subjects reported significant upper 
and lower respiratory symptoms compared to controls 
and a significant increase in nasal airflow resistance. 
Decrements (less than 7%) in pulmonary function param¬ 
eters were noted. Changes of this magnitude are not likely 
to be physiologically significant or clinically relevant [43 J. 
There were no significant differences in concentrations of 
inflammatory mediators in nasal lavage fluid in ETS-S 
subjects compared to controls. These results were inter¬ 
preted by (he authors to indicate that there is an increaseo 
responsiveness to ETS in historically smoke-sensitive sub¬ 
jects but that an allergic. LgE-mediated mechanism is 
unlikely liable 3). 

In summary, the experimental studies suggest that 
acute exposure to high levels of machine-generated ETS 
does not consistently evoke adverse physiological changes 
in the pulmonary system of most asthmatics. The obser¬ 
vations of Stankus et al. [57, see also 58, 67, 68] suggest 
that a small sub-set of asthmatics may respond to acute 
exposure with a decrement in respiratory flow rate of 20% 
or greater as well as increased responsiveness to broncho- 
constrictors. The mechanism for this responsiveness is 
subject to speculation. As noted in the studies listed in 
table 3. the observations of Bascom et al. [77] and a series 
of studies by Stankus and associates [57,58,67,68] essen¬ 
tially rule out the involvement of an LgE-mediated allergic 
mechanism. Similar results have also been reported by 
Gleicb and Welsh [78] and McDougall and Gleich [79], 

In view of the lack of evidence of an allergic mecha¬ 
nism responsible for the acute response of selected asth¬ 
matics to ETS exposure, other possibilities are suggested 
in the literature. The observations of Urch et al. [80] sug¬ 
gested that a pulmonary response to ETS also correlated 
with indices of suggestibility. In a subsequent report [81], 
this group analysed relationships between various expo¬ 
sure indices, subjective symptoms and the subjects' per¬ 
ceived severity of exposure. They noted that factors that 
appeared to significantly influence a subject's perception 
of exposure included the characteristics of cigarette 
smoke, eve irritation, previous ETS exposure and the 
individual's threshold of response. That emotional and 
psychological factors can trigger increases in airflow ob¬ 
struction and clinical exacerbation in asthmatics is wei! 
documented, as noted previously in this review [63. 64. 
82-85], Recent work suggests that anxiety disorders and 
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probably other psychological problems are more common 
in asthmatic patients than in the population at large and 
that the disorder of asthma may. in and of itself, predis¬ 
pose patients toward the development of anxiety disor¬ 
ders [86. S7j. In virtually all of the challenge studies 
involving tobacco smoke exposure in asthmatics, it has 
been difficult, if not impossible, to control for confound¬ 
ing by psychogenic influences brought into play by the 
distinctive odour of tobacco smoke and the individual's 
expectations [76], 

Similarly, Moschandreas and ReKvani [88] found that 
visual contact with a tobacco smoke source affected the 
perception of a variety of odour parameters, including 
changing the nature of the perception toward unpleasant 
and increasing the number of subjects who perceived a 
tobacco odour. In addition, Thompson et al. [89 J reported 
that perception of and being bothered by tobacco smoke 
in the workplace was affected bv smoking policy, smoking 
status, age. gender, living with a smoker and occupation. 
In addition to their relevance to the issue of psychogenic 
factors and exacerbation of asthma in experimental chal¬ 
lenge studies, these results may also be important relative 
to the issue of confounding variables affecting the results 
of epidemiological studies discussed in table 2. 


Summary and Conclusion 

Epidemiology studies of chronic ETS exposure and 
pulmonary dysfunction and the incidence of respiratory 
symptoms and diseases in adults fail to demonstrate con¬ 
sistent associations. This inconsistency could either re¬ 
flect absence of such an association or problems.of meth¬ 
odology. Among the possible methodology problems are 
reliability of spirometric measurement. lack of verifica¬ 
tion of clinical endpoints, errors in classification of sub¬ 
jects as to smoking and ETS exposure status and inappro¬ 
priate control of potential confounding variables, Experi¬ 
mental studies of the effects of acute ETS exposure sug¬ 
gest that ETS does not consistently evoke adverse pulmo¬ 
nary effects in normal subjects and the majority of asth¬ 
matics. A sub-set of asthmatics may exist that respond to 
ETS exposure with a decrement in FEV, and increased 
responsiveness to bronchoconstnctors. The mechanism 
of this responsiveness does not appear to :e allergic in 
nature and is subject to speculation. 
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